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$*$- $A$ $\phi$ $(A, \phi)$ . $\phi$
$A$ $\mathrm{C}$- , $\phi(a^{*}a)\geq 0$ $\phi(1)=1$
. $a\in A$ . $a=a^{*}$
.
, $(A, \phi),$ $(B, \psi)$ $a,$ $b$ ,
$\phi(a^{\epsilon_{1}}a^{\epsilon_{2}}\ldots a^{\epsilon_{m}})=\psi(b^{\epsilon_{1}}b^{\epsilon_{2}}\ldots b^{\epsilon_{m}})$
$m=1,2,$ $\ldots$ $\epsilon_{1},$ $\ldots,$ $\epsilon_{m}\in\{1, *\}$
. $\phi(a^{m}),$ $m=0,1,2,$ $\ldots$ ,
.
, $a_{1},$ $a_{2},$ $\ldots$ . $a_{n}$





$\epsilon_{m}\in\{1, *\},$ $m=1,2,$ $\ldots$ , , $b$ $\{a_{n}\}$
. , $\{a_{n}\}$ $b$ .
, [4] .
12
{\lambda . , $\lambda_{0}=1,$ $\lambda_{1},$ $\lambda_{2},$ $\cdots\geq 0$ , $\lambda_{m}=0$
$m\geq 1$ $n\geq m$ $\lambda_{n}=0$
. , $\lambda_{0}=1$ \searrow
.
:
$\Gamma=\sum_{n=0}^{\infty}\oplus \mathrm{C}\Phi_{n}$, $\Gamma=\sum_{n=0}^{m_{0}-1}\oplus \mathrm{C}\Phi_{n}$ ,
$m_{0}$ $\lambda_{m_{0}}=0$ . , $\{\Phi_{n}\}$
.
$B^{\pm}$
$B^{+}\Phi_{n}=\sqrt{\frac{\lambda_{n+1}}{\lambda_{n}}}\Phi_{n+1}$ , $n\geq 0$ ,
$B^{-}\Phi_{0}=0$ , $B^{-}\Phi_{n}=\sqrt{\frac{\lambda_{n}}{\lambda_{n-1}}}\Phi_{n-1}$ , $n\geq 1$ ,
12
. , $\Gamma$ , $B^{+}\Phi_{m0-1}=0$ .
, $B^{\pm}$ ( ),
. , .
$\Gamma(\{\lambda_{n}\})=(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ $\{\lambda_{n}\}$
. , $B^{-}$ , $B^{+}$ .
,
$B^{+}B^{-}\Phi_{0}=0$ , $B^{+}B^{-} \Phi_{n}=\frac{\lambda_{n}}{\lambda_{n-1}}\Phi_{n}$ , $n\geq 1$ ,
$B^{-}B^{+} \Phi_{n}=\frac{\lambda_{n+1}}{\lambda_{n}}\Phi_{n}$ , $n\geq 0$ , (1.1)
$B^{+n}\Phi_{0}=\sqrt{\lambda_{n}}\Phi_{n}$ , $n\geq 0$ .
$N$
$N\Phi_{n}=n\Phi_{n}$ , $n\geq 0$ ,
.
3 .
Ll $\lambda_{n}=n!$ $\Gamma_{\mathrm{b}\mathrm{o}\mathrm{s}\mathrm{o}\mathrm{n}}=(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ (1
) , : $B^{-}B^{+}-B^{+}B^{-}=1$ .
,
$\langle\Phi_{0}, (B^{+}+B^{-})^{m}\Phi_{0}\rangle_{\Gamma}=\frac{1}{\sqrt{2\pi}}\int_{-\infty}^{+\infty}x^{m}e^{-x^{2}/2}dx$, $m=0,1,2,$ $\ldots$ .
, Gauss ( , 0, 1) .
L2 $\lambda_{0}=\lambda_{1}=1,$ $\lambda_{n}=0,$ $n\geq 2$ , $\Gamma_{\mathrm{f}\mathrm{e}\mathrm{m}\mathrm{i}\mathrm{o}\mathrm{n}}=$
$(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ (1 ) ,
$B^{-}B^{+}+B^{+}B^{-}=1$ . ,
$\langle\Phi_{0}, (B^{+}+B^{-})^{m}\Phi_{0}\rangle_{\Gamma}=\frac{1}{2}\int_{-\infty}^{+\infty}x^{m}(\delta_{-1}+\delta_{+1})(dx)$ , $m=0,1,2,$ $\ldots$ .
Bernouffi .
L3 $\lambda_{n}=1,$ $n\geq 0$ , $\Gamma_{\mathrm{f}\mathrm{r}\mathrm{e}\mathrm{e}}=(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$
(1 ) , $B^{-}B^{+}=1$ . ,
$\langle\Phi_{0}, (B^{+}+B^{-})^{m}\Phi_{0}\rangle_{\Gamma}=\frac{1}{2\pi}\int_{-2}^{+2}x^{m}\sqrt{4-x^{2}}dx$, $m=0,1,2,$ $\ldots$ .
, Wigner .
13
$1\ovalbox{\tt\small REJECT}$ 3 , $B^{-}B^{+}-qB^{+}B^{-}\ovalbox{\tt\small REJECT} 1,$ $-1\ovalbox{\tt\small REJECT} q\ovalbox{\tt\small REJECT} 1$ ,
. ,
$\lambda_{n}=[n]_{q}!=[n]_{q}[n-1]_{q}\cdots[1]_{q}$ , $[n]_{q}=1+q+q^{2}+\cdots+q^{n-1}$ ,
$\Gamma_{q}=(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ . ,
$\langle\Phi_{0}, (B^{+}+B^{-})^{m}\Phi_{0}\rangle_{\Gamma_{q}}=\int_{-\infty}^{+\infty}x^{m}\mu_{q}(dx)$ $m=0,1,2,$ $\ldots$ ,
$\mu_{q}$ $q$- Gauss . $-1<q<1$ , $\mu_{q}$
[ $-2/\sqrt{1-q},$ $2/\sqrt{1-q}$ , Lebesgue . ,
$\frac{\sqrt{1-q}}{2\pi}\prod_{k=1}^{\infty}(1-q^{2k})\prod_{k=1}^{\infty}(1+q^{k})\sqrt{4-(1-q)x^{2}}\prod_{k=1}^{\infty}\{1-\frac{(1-q)q^{k}x^{2}}{(1+q^{k})^{2}}\}$
$= \frac{\sqrt{1-q}}{\pi}\sin\theta\prod_{k=1}^{\infty}(1-q^{k})|1-q^{k}e^{2i\theta}|^{2}$ , $|x| \leq\frac{2}{\sqrt{1-q}}$
. , $\theta\in[0, \pi]$ $x\sqrt{1-q}=2\cos\theta$ . ,






$\int_{\mathrm{R}}|x|^{m}\mu(dx)<\infty$ , $m=0,1,2,$ $\cdots$ ,
. Gram-Schmidt 1, $x,$ $x^{2},$ $\ldots$




$xP_{n}(x)=P_{n+1}(x)+\alpha_{n+1}P_{n}(x)+\omega_{n}P_{n-1}(x)$ , $n\geq 1$ .
2 $\alpha_{1},$ $\alpha_{2},$ $\cdots\in \mathrm{R}$ $\omega_{1},$ $\omega_{2},$ $\cdots\geq 0$ .
Szeg\"o-Jacobi .
$\mu$ T $m_{0}$ , $\{P_{n}\}$ $n=m_{0}-1$
, Szeg\"o-Jacobi 2 $\alpha_{1},$ $\ldots,$ $\alpha_{m0}$ $\omega_{1}\ldots,$ $\omega_{m0-1}$ .
, (1.2) $P_{n+1}=0$ . $\mu$ $\alpha_{n}=0$
$n\geq 1$ .
14
15 $(\mathrm{A}\mathrm{c}\mathrm{c}\mathrm{a}\mathrm{r}\mathrm{d}\mathrm{i}-\mathrm{B}\mathrm{o}\ovalbox{\tt\small REJECT} \mathrm{e}\mathrm{j}\mathrm{k}\mathrm{o}[1])$ $\mu$ $\{P_{n}\}$ ,
$\mathrm{S}\mathrm{z}\mathrm{e}\mathrm{g}\ovalbox{\tt\small REJECT}$-Jacobi {\mbox{\boldmath $\alpha$} {\mbox{\boldmath $\omega$} . {\lambda
$\lambda_{0}=1$ , $\lambda_{1}=\omega_{1}$ , $\frac{\lambda_{n+1}}{\lambda_{n}}=\omega_{n+1}$ ,
, $\Gamma(\mathrm{C}, \{\lambda_{n}\})$ . , $\Gamma(\mathrm{C}, \{\lambda_{n}\})$
$L^{2}(\mathrm{R}, \mu)$ $U$ :
$U\Phi_{0}=P_{0}$ , $UB^{+}U^{*}P_{n}=P_{n+1}$ , $Q=U(B^{+}+B^{-}+\alpha_{N+1})U^{*}$ ,
$Q$ $x$ , $L^{2}(\mathrm{R}, \mu)$ .
, $U:\sqrt{\omega_{1}\ldots\omega_{n}}\Phi_{n}\mapsto P_{n}$ .
L6 :
(i) $U$ .
(ii) $U$ $L^{2}(\mathrm{R}, \mu)$ .
(iii) $L^{2}(\mathrm{R}, \mu)$ .
, determinate moment problem . $|\mathrm{h}.$ , Deift [11].
, Stieltjes :
$\mu(dx)=\{$
$x^{-\log x}dx$ , $x\in[0, \infty)$
0, .
, $\mu$ , , $\sin(2\pi\log x)$
.
, $\mu$ Cauchy (
, [10] $)$ . ,
$G_{\mu}(z)= \int_{\mathrm{R}}\frac{\mu(dx)}{z-x}$ , $z\in \mathrm{C}$ , ${\rm Im} z>0,$ .





$n$ , $z$ . , $Q_{n}(z)$ $n$ ,




, $\mu$ , {\mbox{\boldmath $\alpha$} , {\mbox{\boldmath $\omega$} (12)








, $x$ $Q$ . $Q$ $*$- $A$
$\phi(a)=\langle P_{0}, aP_{0}\rangle_{L^{2}(\mathrm{R},\mu)}$ , $a\in A$ .
$\phi$ $(A, \phi)$ . ,
$(\Gamma, \{\lambda_{m}\}, B^{+}, B^{-})$ . , $B$
$B^{+},$ $B^{-},$ $\alpha_{N+1}$ $*$- , $\psi$
$\psi(b)=\langle\Phi_{0}, b\Phi_{0}\rangle_{\Gamma}$, $b\in B$ ,
. 15
$\phi(Q^{m})=\psi((B^{+}+B^{-}+\alpha_{N+1})^{m})$ , $m=0,1,2,$ $\ldots$ ,
,
$\int_{\mathrm{R}}x^{m}\mu(dx)=\langle\Phi_{0}, (B^{+}+B^{-}+\alpha_{N+1})^{m}\Phi_{0}\rangle_{\Gamma}$ , $m=0,1,2,$ $\ldots$ . (L4)
, 2 $Q$ $B^{+}+B^{-}+\alpha_{N+1}$ . ,
$Q=B^{+}+B^{-}+\alpha_{N+1}$ ,
. ( ) .
15
( ) $X$
: $\mathrm{E}(|X|^{m})<\infty$ . $\mu$ , $L^{2}(\mathrm{R}, \mu)$ $x$
$Q$ . ,
$\mathrm{E}(X^{m})=\phi(Q^{m})=\psi((B^{+}+B^{-}+\alpha_{N+1})^{m})$, $m=0,1,2,$ $\ldots$ ,
, $X$ $Q$ . , $X=$
$B^{+}+B^{-}+\alpha_{N+1}$ , $X$ .
16
L7 , $X$ $X$
, ,
. , Carleman ( , [32,





L8 (Bernouffi ) $P(X=+1)=P(X=-1)=1/2$ Bernoulli
$X$ 12
$X=B^{+}+B^{-}$ . , ,
$X=(\begin{array}{ll}0 10 0\end{array})+(\begin{array}{ll}0 01 0\end{array})$ .
, . Bernoulli $X:P(X=$




, $\alpha_{1}=2p-1,$ $\alpha_{2}=1-2p,$ $\omega_{1}=4p(1-p)$ . , $\lambda_{0}=1,$ $\lambda_{1}=4p(1-p)$ ,
$\lambda_{2}=\lambda_{3}=\cdots=0$ $(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$
:
$X=B^{+}+B^{-}+\alpha_{N+1}$
$=($ $00$ $2\sqrt{p(1-p)}0$ ) $+(2\sqrt{p(1-p)}0$ $00)+(\begin{array}{ll}1-2p 00 2p-1\end{array})$ .
L9 Gauss $X$ , 1.1
, $X=B^{+}+B^{-}$ .
L1O $X$ $\lambda>0$ Poisson , , $P(X=$






: $B_{t}=A_{t}+A_{t}^{*}$ . , $L^{2}(\mathrm{R})$
, 1 ,
. , Hudson-Parthasarathy [25]
. , ,
, , :
$W_{t}=a_{t}+a_{t}^{*}$ . , , (
) . , Chung-Ji-Obata[9].
2
21
$V$ 2 $E\subset\{\{x, y\};x, y\in V, x\neq y\}$
, $\mathcal{G}=(V, E)$ . $V,$ $E$
. .
, $V$ , $E$ . $\{x, y\}\in E$ , $x$
$y$ , $x\sim y$ . $x\in V$
$\kappa(x)=|\{y\in V;y\sim x\}|$
$x$ . $\kappa(x)=\kappa\geq 1$
( , $\kappa$- ) . , $\kappa$- $\mathcal{G}=(V, E)$
$|V|\geq 2$ .
$x_{0},$ $x_{1},$ $\ldots,$
$x_{n}\in V$ , $i=0,1,$ $\ldots,$ $n-1$ [ $x_{\dot{*}}\sim x:+1$
( $x_{0}$ $x_{n}$ ) $n$ $\mathrm{A}\mathrm{a}$ . $x_{0},$ $x_{1},$ $\ldots,$ $x_{n}$ [ [
3). 2 .
2 $x,$ $y\in V$ , 2 , 2
$(x, y)$ . , $x\sim y$ $\partial(x, y)=1$ .
$\sup\{\partial(x, y);x, y\in V\}$ .
$\mathcal{G}=(V, E)$ $i$ $A_{i}=(A:)_{xy},$ $x,$ $y\in V$ ,
$(A_{i})_{xy}=\{$
1, $\partial(x, y)=i$ ,
0, ,
(2.1)
. 1 $A=A_{1}$ . $A$ .
$V$ , $E$ , 0
0, 1 $(A_{xy})_{x,y\in V}$ .
3) , $x_{0}$ , $x_{1},$ $\ldots$ , x $x_{0}\sim x_{1}\sim\cdots\sim x_{n-1}\sim x_{n}$




, $A$ $A^{n}$ . , $A^{n}$ ( $x$ , y)-
, $x$ $y$ $n$ . ,
. , $0\leq(A^{n})_{xy}\leq\kappa^{n}$ . , $A$
$*$ - , $A$ .
$A$ $\ell^{2}(V)$ :
A$f(x)= \sum_{y\in V}A_{xy}f(y)=\sum_{y\sim x}f(y)$ , $f\in\ell^{2}(V)$ .
$||A||=\kappa$ $A$ $\mathrm{B}(\ell^{2}(V))$ . , $A$ $\phi$
. , $x_{0}\in V$ $\delta_{x\mathrm{o}}\in\ell^{2}(V)$
$\phi(a)=\langle\delta_{x_{0}}, a\delta_{x_{0}}\rangle$ , $a\in A$ ,
. (vacuum state) .
, $A$ $(A, \phi)$
.
23
, $\mathcal{G}=(V, E)$ , $x_{0}\in V$
. $\kappa\geq 1$ . , $\mathrm{f}\mathrm{f}\mathrm{l}_{1}$
:
$V=\cup V_{n}n=0\infty$ , $V_{n}=\{x\in V;\partial(x_{0}, x)=n\}$ . (2.2)
\S 2.1 , (2.2) , 2 $(V_{0}\neq\emptyset, V_{1}\neq\emptyset)$ .
$\text{ }$ ,
$m\geq 2$ $V_{m}=\emptyset$ , $n\geq m$ $V_{n}=\emptyset$ . (2.2) ? ,
. ,
$|V_{0}|=1$ , $|V_{1}.|=\kappa$ , $|V_{n}|\leq\kappa(\kappa-1)^{n-1}$ , $n\geq 2$ ,
.
2.1 $x,$ $y\in V$ 2 . , $x\in V_{n},$ $n\geq 0$ , , $y\in V_{n-1}\cup V_{n}\cup$
$V_{n+1}$ . , $V_{-1}=\emptyset$ .
. 2.1 . 1
, $\mathcal{G}=(V, E)$ , , x\sim \sim .








$\text{ }\backslash \backslash 2.1:\text{ }\overline{7}^{\text{ }}\mathcal{G}=(V, E)\text{ }\beta\xi \text{ }(\mathrm{b}$ . $\kappa=4$
$x\succ y$ . $y\in V_{n}$ , 2 .
1 ,
$(A^{+})_{yx}=\{$


























$A_{xy}$ $x,$ $y$ ,
0 $x,$ $y$ .
. $\mathcal{G}$ $A$ .
$[mathring]_{\mathcal{G}}$ , , $[mathring]_{A}$ :
$[mathring]_{A}=[mathring]_{A}^{+}+A^{\mathrm{o}_{-}}$ . (2.5)
$x\in V_{n}$ ,
$\ovalbox{\tt\small REJECT}\delta_{x}=\sum_{y\in V_{n},y\succ x}\delta_{y}$
,
22(2.4) (2.5)
$A^{\mathrm{o}_{-}} \delta_{x}=\sum_{y\in V_{n’}y\prec x}\delta_{y}$
. (2.6)
$A=(A^{+}-[mathring]_{A}^{+})+(A^{-}-[mathring]_{A}^{-})+[mathring]_{A}$ (2.7)
3 . , $A$ ,
, 3 .




$x\in V$ , 1 $\{x\}$ $\delta_{x}$ . $\{\delta_{x} ; x\in V\}$
$\ell^{2}(V)$ . (2.2) ,
. , $n\geq 0$ [
$\Phi_{n}=|V_{n}|^{-1/2}\sum_{x\in V_{n}}\delta_{x}$
. , $V_{n}=\emptyset$ $\Phi_{n}$ 4). , $\{\Phi_{n}\}$
$\ell^{2}(V)$ . $\mathcal{G}$ ( $n\geq 2$ , $V_{n-1}\neq\emptyset$ ,








$2\ovalbox{\tt\small REJECT}$ , $x\in \mathrm{L},$ $n\ovalbox{\tt\small REJECT} 0$ ,
$\omega_{+}(x)=|\{y\in V_{n+1} ; y\succ x\}|$ ,
$\omega_{-}(x)=|\{y\in V_{n-1} ; y\prec x\}|$ ,
$\rho_{+}(x)=|\{y\in V_{n} ; y\succ x\}|$ ,
$\rho_{-}(x)=|\{y\in V_{n} ; y\prec x\}|$ ,
. , $x\in V_{0}$ , , $x=x_{0}$ [ $\omega_{+}(x_{0})=\kappa,$ $\omega_{-}(x_{0})=\rho_{+}(x_{0})=\rho_{-}(x_{0})=0$
. ,
$\omega_{+}(x)+\omega_{-}(x)+\rho_{+}(x)+\rho_{-}(x)=\kappa$ , $x\in V$. (2.8)
, 1 $V_{n}$ , $\omega_{\pm}(x),$ $\rho_{\pm}(x)$
$\omega_{\pm,n}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}\omega_{\pm}(x)$ ,
$\sigma_{\pm,n}^{2}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}(\omega_{\pm}(x)-\omega_{\pm,n})^{2}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}\omega_{\pm}(x)^{2}-\omega_{\pm,n}^{2}$ ,
$\rho_{\pm,n}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}\rho\pm(x)$ ,
$\tau_{\pm,n}^{2}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}(\rho\pm(x)-\rho_{\pm,n})^{2}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}\rho\pm(x)^{2}-\rho_{\pm,n}^{2}$ ,
. $V_{n}=\emptyset$ , 0 . ,
$\omega_{-,0}=0$ , $\omega_{-\prime 1}=1$ , $\sigma_{-,0}=\sigma_{-\prime 1}=0$ (2.9)
.
, $\rho_{\pm,n}$ . $[mathring]_{n}_{E}=\{\{x, y\}\in E;x, y\in V_{n}\}$ ,
$\mathcal{G}^{\mathrm{o}}$ $(V_{n}, E_{n}^{\mathrm{o}})$ . ,




, $A^{+}$ $\Phi_{n}$ .
22
23 $n\geq 0$ ,
$A^{+} \Phi_{n}=\omega_{-\prime n+1}\frac{|V_{n+1}|^{1/2}}{|V_{n}|^{1/2}}\Phi_{n+1}+\frac{1}{|V_{n}|^{1/2}}\sum_{y\in V_{n+1}}(\omega_{-}(y)-\omega_{-,n+1})\delta_{y}+[mathring]_{A}^{+}\Phi_{n}$ , (2.10)
$[mathring]_{A}^{+} \Phi_{n}=\rho_{-n}’\Phi_{n}+\frac{1}{|V_{n}|^{1/2}}\sum_{y\in V_{n}}(\rho_{-}(y)-\rho_{-,n})\delta_{y}$ . (2.11)
, $V_{n}\neq\emptyset,$ $V_{n+1}=\emptyset$ [ , $A^{+}\Phi_{n}=A^{\mathrm{o}_{+}}\Phi_{n}$ .
,
$|V_{n}|^{1/2}A^{+} \Phi_{n}=\sum_{x\in V_{n}}A^{+}\delta_{x}=\sum_{x\in V_{n}}\sum_{y\succ x}\delta_{y}$
$= \sum_{x\in V_{n}}\sum_{y\in V_{n+1},y\succ x}\delta_{y}+\sum_{x\in V_{n}}\sum_{y\in V_{n},y\succ x}\delta_{y}$
. (2.12)
1 ,
$\sum_{x\in V_{n}}\sum_{y\in V_{n+1\prime}y\succ x}\delta_{y}=\sum_{y\in V_{n+1}}\omega_{-}(y)\delta_{y}$
$= \sum_{y\in V_{n+1}}\omega_{-\prime n+1}\delta_{y}+\sum_{y\in V_{n+1}}(\omega_{-}(y)-\omega_{-,n+1})\delta_{y}$
$= \omega_{-\prime n+1}|V_{n+1}|^{1/2}\Phi_{n+1}+\sum_{y\in V_{n+1}}(\omega_{-}(y)-\omega_{-,n+1})\delta_{y}$
.
, 2 ,
$\sum_{x\in V_{n}}\sum_{y\in V_{n},y\succ x}\delta_{y}=|V_{n}|^{1/2}[mathring]_{A}^{+}\Phi_{n}=\sum_{y\in V_{n}}\rho-(y)\delta_{y}$




2.4 $n\geq 1$ ,
$A^{-} \Phi_{n}=\omega_{+,n-1}\frac{|V_{n-1}|^{1/2}}{|V_{n}|^{1/2}}\Phi_{n-1}+\frac{1}{|V_{n}|^{1/2}}\sum_{z\in V_{n-1}}(\omega_{+}(z)-\omega_{+,n-1})\delta_{z}+[mathring]_{A}^{-}\Phi_{n}$ , (2.13)
$[mathring]_{A}^{-} \Phi_{n}=\rho_{+,n}\Phi_{n}+\frac{1}{|V_{n}|^{1/2}}\sum_{y\in V_{n}}(\rho_{+}(y)-\rho_{+,n})\delta_{y}$ . (2.14)





, $\mathcal{G}=(V, E)$ .
$\{\mathcal{G}_{\nu}=(V^{(\nu)}, E^{(\nu)})\}$ , . $\nu$
, $\nu_{1}\leq\nu_{2}$ $\mathcal{G}_{\nu_{1}}$ $\mathcal{G}_{\nu_{2}}$ (
) . . $\nu$
.





$(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ . 23, 24
, $A_{\nu}^{\pm}/Z_{\nu}$ $\Phi_{n}$ ,
$\nuarrow\infty$ . ,
$(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ , $C^{\pm}$ $B^{\pm}$ $N$
. , ,




$\mathcal{G}=(V, E)$ , , . (2.8) .
(A1) . ,
$\omega_{+}(x)+\omega_{-}(x)=\kappa$ , $x\in V$. (3.1)
, $\mathcal{G}$ $A$ $A^{\mathrm{o}}=0$ .
T , $\omega_{+}$ , $\omega_{+}$
. , ,
$\omega_{n}=\omega_{-,n}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}\omega_{-}(x)$ ,
$\sigma_{n}^{2}=\sigma_{-,n}^{2}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}(\omega_{-}(x)-\omega_{n})^{2}=\frac{1}{|V_{n}|}\sum_{x\in V_{n}}\omega_{-}(x)^{2}-\omega_{n}^{2}$ ,
. ,
$\omega_{0}=0$ , $\omega_{1}=1$ , $\omega_{n}\geq 1$ , $n\geq 2$ .
24
$V=V_{0}\cup V_{1}\cup\cdots\cup V_{n}$ ,
$\omega_{0}=0$ , $\omega_{1}=1$ , $\omega_{2}\geq 1$ , . . . , $\omega_{n}=\kappa\geq 1$ , $\omega_{n+1}=\cdots$ =0 (3.2)
. ( , $V_{n}\neq\emptyset,$ $n\geq 1$ , , $x\in V_{n}$ ( $V_{n-1}$ 1
, $\omega_{-}(x)\geq 1$ . , $\omega_{n}\geq 1$ .
, $\{\mathcal{G}_{\nu}=(V^{(\nu)}, E^{(\nu)})\}$ .










. ($n=0,1$ , $\omega_{0}=0,$ $\omega_{1}=1$ )
(A4) $n\geq 0$ [
$\lim_{\nu}\sigma_{n}^{(\nu)}=0$ .
($n=0,1$ , )
(A5) $n\geq 1$ [
$W_{n} \equiv\sup_{\nu}W_{n}^{(\nu)}<\infty$ , $W_{n}^{(\nu)}= \max\{\omega_{-}(x);x\in V_{n}^{(\nu)}\}$ .
, (A3), (A4) 38 . , ,
. ,
3.1 $\{\mathcal{G}_{\nu}\}$ (A1), (A2), (A3) . ,
$n\geq 1$ , $\nu_{0}=\nu_{0}(n)$ , $\nu\geq\nu_{0}$ $\nu$ $V_{n}^{(\nu)}\neq\emptyset$
. [ , $n\geq 1$ [ $\omega_{n}\geq 1$ .
25
. , $V_{n}^{(\nu)}:\neq\emptyset,$ $V_{n+1}^{(\nu_{i})}=\emptyset$ $n\geq 1$
$\nu_{1}<\nu_{2}<\cdotsarrow\infty$ . (A1) , $x\in V_{n}^{(\nu_{i})}$
\mbox{\boldmath $\omega$}-(x)=\phi , $V_{n}^{(\nu:)}$ $\omega_{n}^{(\nu\dot{.})}=\kappa(\nu_{i})$ . (A2), (A3)
. . , $n\geq 1$ ,
$\nu_{0}$ , $\nu\geq\nu_{0}$ , $x\in V_{n}^{(\nu)}$ $\omega_{-}(x)\geq 1$ ,
$\omega_{n}^{(\nu)}\geq 1$ . , $\omega_{n}\geq 1$ . 1
(A5) , .
32 $\{\mathcal{G}_{\nu}\}$ (A1), (A2), (A5) , $n\geq 1$
, $\nu_{0}=\nu_{0}(n)$ , $\nu\geq\nu_{0}$ , $x\in V_{n-1}^{(\nu)}$
. , $\nu\geq\nu_{0}$ $V_{n}^{(\nu)}\neq\emptyset$ .
$n$ . $n=1$ . $n>1$ $n-1$
. (A1) G
$\omega_{+}^{(\nu)}(x)=\kappa(\nu)-\omega_{-}^{(\nu)}(x)$ , $x\in V_{n-1}^{(\nu)}$ , $\nu\geq\nu_{0}$ .
(A5) ,
$\omega_{+}^{(\nu)}(x)\geq\kappa(\nu)-W_{n-1}^{(\nu)}\geq\kappa(\nu)-W_{n-1}$ .
$W_{n-1}$ $\nu$ , (A2) ,
$\lim_{\nu}\min\{\omega_{+}^{(\nu)}(x);x\in V_{n-1}^{(\nu)}\}=\infty$ .
, $\nu_{1}\geq\nu_{0}$
$\min\{\omega_{+}^{(\nu)}(x);x\in V_{n-1}^{(\nu)}\}\geq 1$ , $\nu\geq\nu_{1}$ .




33 $\{\mathcal{G}_{\nu}=(V^{(\nu)}, E^{(\nu)})\}$ $(\mathrm{A}1)-(\mathrm{A}5)$
, $(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ $\lambda_{n}=\omega_{1}\ldots\omega_{n}$ . ,
$\lim_{\nu}\langle\Phi_{j}^{(\nu)},$ $\frac{A_{\nu^{m}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\ldots\frac{A_{\nu^{1}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\Phi_{k}^{(\nu)}\rangle_{\ell^{2}(V^{(\nu)}})=\langle\Phi_{j}, B^{\epsilon_{m}}\ldots B^{\epsilon_{1}}\Phi_{k}\rangle_{\Gamma}$ , $j,$ $k\geq 0$ , (3.3)
$\epsilon_{1},$
$\ldots,$
$\epsilon_{m}\in\{\pm\},$ $m\geq 1$ , .
26
32 , ( )
. 33 , $j\ovalbox{\tt\small REJECT} k\ovalbox{\tt\small REJECT} 0$ .
,
34 $\{\mathcal{G}_{\nu}=(V^{(\nu)}, E^{(\nu)})\}$ $(\mathrm{A}1)-(\mathrm{A}5)$
. , $\mathcal{G}_{\nu}$ $A_{\nu}$ $A_{\nu}^{\pm}/\sqrt{\kappa(\nu)}$ , $\lambda_{n}=\omega_{1}\ldots\omega_{n}$
$(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$
$B^{\pm}$ .
, ,
35 $\mu$ $(\Gamma, \{\lambda_{n}\}, B^{+}, B^{-})$ ,




$\mathcal{G}=(V, E)$ $\kappa$- , $V= \bigcup_{n=0}^{\infty}V_{n}$ .
(A1) . , .
36 $n\geq 0$ $V_{n}\neq\emptyset$ ,
$\omega_{n+1}|V_{n+1}|=\kappa|V_{n}|(1-.\frac{\omega_{n}}{\kappa})$ . (3.4)
, $V_{n+1}\neq\emptyset$ . $V_{n}$ $\kappa|V_{n}|$ .
2 ,
$\kappa|V_{n}|=\sum_{x\in V_{n}}\omega_{+}(x)+\sum_{x\in V_{n}}\omega_{-}(x)$
$= \sum_{y\in V_{n+1}}\omega_{-}(y)+\sum_{x\in V_{n}}\omega_{-}(x)=\omega_{n+1}|V_{n+1}|+\omega_{n}|V_{n}|$
. (3.5)
. $n=0$ $\omega_{0}=0$ , (3.4)
. $V=V_{0}\cup V_{1}\cup\cdots\cup V_{n}$ $V_{n}$ $\mathrm{A}\mathrm{a},$ $V_{n+1}=\emptyset$ 0
, $\omega_{n+1}$ , $\omega_{n+1}|V_{n+1}|=0$ (3.5) . I









$\omega_{n}\geq 1$ . (3.4) ,
$\omega_{1}\ldots\omega_{n}|V_{1}.|\ldots|V_{n}|=\kappa^{n}|V_{0}|(1-\frac{\omega_{0}}{\kappa})\ldots|V_{n-1}|(1-\frac{\omega_{n-1}}{\kappa})$ .
, $|V_{0}$ } $=1,$ $\omega_{0}=0$ ,
$|V_{n}|= \frac{\kappa^{n}}{\omega_{1}\ldots\omega_{n}}\prod_{k=1}^{n-1}(1-\frac{\omega_{k}}{\kappa})$
. I
, $\{\mathcal{G}_{\nu}=(V^{(\nu)}, E^{(\nu)})\}$ . (A3), (A4)
, .
(A3’) $n$ , $\nu$ $\omega_{n}$ ,
$\lim_{\nu}\frac{|\{x\in V_{n}^{(\nu)}\cdot\omega_{-}(x)=\omega_{n}\}|}{|V_{n}^{(\nu)}|},=1$.
, .
38(A1), (A2), (A5) , $(\mathrm{A}3’)\Leftrightarrow(\mathrm{A}3)$ , (A4).
$(\Rightarrow)$ , $V_{n}^{(\nu)}$ 2 :
$U_{\mathrm{r}\mathrm{e}\mathrm{g}}^{(\nu)}=\{x\in V_{n}^{(\nu)} ; \omega_{-}(x)=\omega_{n}\}$ $U_{\mathrm{s}\mathrm{i}\mathrm{n}\mathrm{g}}^{(\nu)}=\{x\in V_{n}^{(\nu)} ; \omega_{-}(x)\neq\omega_{n}\}$.
$n$ . $\omega_{-}(x)$
$\omega_{n}^{(\nu)}=\frac{1}{|V_{n}^{(\nu)}|}\sum_{x\in V_{n}^{(\nu)}}\omega_{-}(x)$
$= \frac{1}{|V_{n}^{(\nu)}|}\sum_{x\in U_{\mathrm{r}\mathrm{e}\mathrm{g}}^{(\nu)}}\omega_{-}(x)+\frac{1}{|V_{n}^{(\nu)}|}\sum_{x\in U_{\mathrm{i}\mathrm{n}\mathrm{g}}^{(\nu)}}.\omega_{-}(x)$
$= \frac{|U_{\mathrm{r}\mathrm{e}\mathrm{g}}^{(\nu)}|}{|V_{n}^{(\nu)}|}\omega_{n}+\frac{1}{|V_{n}^{(\nu)}|}\sum_{x\in U_{\mathrm{i}\mathrm{n}\mathrm{g}}^{(\nu)}}.\omega_{-}(x)$
.



















$(\Leftarrow)n\geq 1$ . (A3) , $\epsilon>0$ , $\nu_{0}$ ,
$|\omega_{n}^{(\nu)}-\omega_{n}|<\epsilon$ , $\nu\geq\nu_{0}$ ,
. $x\in V_{n}^{(\nu)}$ $|\omega_{-}(x)-\omega_{n}|\geq 2\epsilon$ ,
$|\omega_{-}(x)-\omega_{n}^{(\nu)}|\geq|\omega_{-}(x)-\omega_{n}|-|\omega_{n}-\omega_{n}^{(\nu)}|\geq\epsilon$
. ,
$\frac{|\{x\in V_{n}^{(\nu)},|\omega_{-}(x)-\omega_{n}|\geq 2\epsilon\}|}{|V_{n}^{(\nu)}|}.\leq\frac{|\{x\in V_{n}^{(\nu)},|\omega_{-}(x)-\omega_{n}^{(\nu)}|\geq\epsilon\}|}{|V_{n}^{(\nu)}|}.$ .
, ,
$\underline{|\{x\in V_{n}^{(\nu)},\cdot}$|\mbox{\boldmath $\omega$}|V-n((\mbox{\boldmath $\nu$}x))|-\mbox{\boldmath $\omega$}n|\geq 2\epsilon }|\leq (--\sigma n\epsilon (\mbox{\boldmath $\nu$}))2\rightarrow 0 $\nuarrow\infty$ . (3.6)
, $\omega_{-}(x)$ , $\omega_{n}$ , $\epsilon>0$
,
$V_{n}^{(\nu)}=\{x\in V_{n}^{(\nu)} ; |\omega_{-}(x)-\omega_{n}|\geq 2\epsilon\}$
29
. , (3.6) . , $\omega_{n}$ . , (3.6)
, $\epsilon>0$ ,





. , 33 , (A1), (A2),
(A5)
(A3”) $n$ , $\nu$ $\omega_{n}$ $C_{n}$ ,
$|\{x\in V_{n}^{(\nu)} ; \omega_{-}(x)\neq\omega_{n}\}|\leq C_{n}\kappa(\nu)^{n-1}$ ,
$n\geq 0$ $\nu$ ;
. ( , (A5) ,
, ) (A3”)
, , $V_{n}^{(\nu)}$ “ ” “ ” $\omega_{n}$
. 37 , $(\mathrm{A}3’’. )\Rightarrow(\mathrm{A}3’)$ .
, Hora-Obata [22] , Hashimoto ,
33 (A1), (A2), (A3”), (A5) .
, (A3”) .
34
$A^{\pm}\Phi_{n}$ . 23, 2.4 , (A1)








$\Phi_{n}$ $\ovalbox{\tt\small REJECT}(1-\ovalbox{\tt\small REJECT}arrow\ovalbox{\tt\small REJECT}^{1})\ovalbox{\tt\small REJECT}^{1}$ $1|)$
$\ovalbox{\tt\small REJECT}(\omega_{n-1}-\omega_{-}(z))\delta_{z}$
.$n-$
$\psi$ $|\mathrm{K}|$ $(\kappa|\ovalbox{\tt\small REJECT} \mathrm{D}^{1/2}z\mathrm{E}V\ovalbox{\tt\small REJECT}-$ ,
(3.8)
( $n\geq 1$ , $n=0$
$\frac{A^{-}}{\sqrt{\kappa}}\Phi_{0}=0$. (3.9)
$\gamma_{n}^{+}=\omega_{n}(\frac{|V_{n}|}{\kappa|V_{n-1}|})^{1/2}$ , $n\geq 1$ , (3.10)
$\gamma_{n}^{-}=(1-\frac{\omega_{n}}{\kappa})(\frac{\kappa|V_{n}|}{|V_{n+1}|})^{1/2}$ , $n\geq 0$ , (3.11)
$S_{n}^{+}= \frac{1}{(\kappa|V_{n-1}|)^{1/2}}\sum_{y\in V_{n}}(\omega_{-}(y)-\omega_{n})\delta_{y}$, $n\geq 1$ , (3.12)
$S_{n}^{-}= \frac{1}{(\kappa|V_{n+1}|)^{1/2}}\sum_{z\in V_{n}}(\omega_{n}-\omega_{-}(z))\delta_{z}$, $n\geq 0$ , (3.13)
. ,
$\frac{A^{\epsilon}}{\sqrt{\kappa}}\Phi_{n}=\gamma_{n+\epsilon}^{\epsilon}\Phi_{n+\epsilon}+S_{n+\epsilon}^{\epsilon}$ , $\epsilon=\pm$ , $n\geq 0$ , (3.14)
. (3.9) , $\gamma_{-1}^{-}\Phi_{-1}=S_{-1}^{-}=0$ .
, $m\geq 1$ $\epsilon_{1},$ $\ldots,$ $\epsilon_{m}\in\{\pm\}$ . (3.14)
,
$\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}\Phi_{n}=\gamma_{n+\epsilon_{1}}^{\epsilon_{1}}\gamma_{n+\epsilon_{1}+\epsilon_{2}}^{\epsilon_{2}}\ldots\gamma_{n+\epsilon_{1}+\cdots+\epsilon_{m}}^{\epsilon_{m}}\Phi_{n+\epsilon_{1}+\cdots+\epsilon_{m}}$
$+ \sum_{k=1}^{m}\gamma_{n+\epsilon_{1}}^{\epsilon_{1}}\ldots\gamma_{n+\epsilon_{1}+\cdots+\epsilon_{k-1}}^{\epsilon_{k-1}}\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{k+1}}}{\sqrt{\kappa}}S_{n+\epsilon_{1}+\cdots+\epsilon_{k}}^{\epsilon_{k}}$ . (3.15)
,
$n+\epsilon_{1}$ , $n+\epsilon_{1}+\epsilon_{2}$ , . . . , $n+\epsilon_{1}+\epsilon_{2}+\cdots+\epsilon_{m}$ , (3.16)
$\geq 0$ . ,
$\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}\Phi_{n}=0$
. $\delta_{y}\in\ell^{2}(V_{n})$ $A^{\epsilon}$ . . $,$ $A^{\epsilon_{m}}$ ,
, $n+\epsilon_{1}+\epsilon_{2}+\cdots+\epsilon_{k}<0$ 0 .
31
(3.15) . , $k\geq 1$
$W_{k}= \max\{\omega_{-}(x);x\in V_{k}\}$ (3.17)
. $W_{k}\leq\kappa$ ( . [ , $n\geq 1$ $q\geq 0$ [ $M_{n,q}$
$M_{n,q}=\{$




3.10 $\epsilon_{1},$ $\ldots,$ $\epsilon_{m}\in\{\pm\},$ $m\geq 1$ , , $+$ $p$
, $q$ . , $n\geq 1$ $n+p-q\geq 0$ [ ,
$|\langle\Phi_{n+p-q},$ $\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{+}\rangle|\leq\sigma_{n}M_{n+p,q}(\frac{\kappa^{2p-m}|V_{n}|}{|V_{n+p-q}|})^{1/2}(\frac{|V_{n}|}{\kappa|V_{n-1}|})^{1/2}$ . (3.19)
, (3.16) , 0 . ,
(3.16) $\geq 0$ .
$\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{+}=\frac{1}{(\kappa|V_{n-1}|)^{1/2}}\sum_{y\in V_{n}}(\omega_{-}(y)-\omega_{n})\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}\delta_{y}$
$= \frac{\kappa^{-m/2}}{(\kappa|V_{n-1}|)^{1/2}}\sum_{y\in V_{n}}(\omega_{-}(y)-\omega_{n})A^{\epsilon_{m}}\ldots A^{\epsilon_{1}}\delta_{y}$. (3.20)




. $y,$ $z\in V$ ,
$w(y;\epsilon_{1}, \ldots, \epsilon_{m};z)=|\{(z_{1}, \ldots, z_{m-1})\in V^{m-1} ; y- 4\epsilon z_{1}- 3\epsilon z_{2}\cdotsarrow\epsilon_{m-1}z_{m-1}- 3z\}\epsilon|$
. , $y$ , $\epsilon_{1},$ $\ldots,$ $\epsilon_{m}$ 1 $z$
. , (3.20) ,
$\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{+}=\frac{\kappa^{-m/2}}{(\kappa|V_{n-1}|)^{1/2}}\sum_{y\in V_{n}}\sum_{z\in V_{n+p-q}}(\omega_{-}(y)-\omega_{n})w(y;\epsilon_{1}, \ldots,\epsilon_{m};z)\delta_{z}$.
,
$\langle\Phi_{n+p-q},$ $\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{+}\rangle$
$= \frac{1}{|V_{n+p-q}|^{1/2}}\frac{\kappa^{-m/2}}{(\kappa|V_{n-1}|)^{1/2}}\sum_{y\in V_{n}}\sum_{z\in V_{n+p-q}}(\omega_{-}(y)-\omega_{n})w(y;\epsilon_{1}, \ldots, \epsilon_{m};z)$ . (3.21)
32
, $y\in V_{n}$
$\sum_{z\in V_{n+p-q}}w(y;\epsilon_{1}, \ldots, \epsilon_{m};z)$
(3.22)
$y$ , $\epsilon_{1},$ $\ldots,$ $\epsilon_{m}$ .
$z\in V_{k}$ $+$ $\kappa-\omega_{-}(z)$ , $\kappa$ .
$z\in V_{k}$ $\omega_{-}(z)$ , (3.17) $W_{k}$
. (3.22) . $+$ $p$ , $q$ ,
$y\in V_{n}$ $\epsilon_{1},$ $\ldots$ , \epsilon $V_{0}\cup V_{1}\cup\cdots\cup V_{n+p}$
, (3.18) ,
$\sum_{z\in V_{n+p-q}}w(y;\epsilon_{1}, \ldots, \epsilon_{m};z)\leq$.
$\kappa^{p}M_{n+p,q}$






3.11 $\epsilon_{1},$ $\ldots,$ $\epsilon_{m}\in\{\pm\},$ $m\geq 1$ , , $+$
$p$ , $q$ . , $n\geq 0$ $n+p-q\geq 0$ [
,
$|\langle\Phi_{n+p-q},$ $\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{-}\rangle|\leq\sigma_{n}M_{n+p,q}(\frac{\kappa^{2p-m}|V_{n}|}{|V_{n+p-q}|})^{1/2}(\frac{|V_{n}|}{\kappa|V_{n+1}|})^{1/2}$ . (3.23)
(3.13) $S_{0}^{-}=0$ . , $n=0$ , (3.23) 0
. $n\geq 1$ , (3.12), (3.13) $S_{n}^{+}$ $S_{n}^{-}$
$S_{n}^{-}=-( \frac{|V_{n-1}|}{|V_{n+1}|})^{1/2}S_{n}^{+}$ , $n\geq 1$ ,




$\nu$ . (3.3) (3.15) ,
$\langle\Phi_{j}^{(\nu)},$ $\frac{A_{\nu^{m}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\ldots\frac{A_{\nu^{1}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\Phi_{n}^{(\nu)}\rangle$
$=\gamma_{n+\epsilon_{1}}^{\epsilon_{1}}\gamma_{n+\epsilon_{1}+\epsilon_{2}}^{\epsilon_{2}}\ldots$ \gamma n\epsilon m+\epsilon l+ $\cdot$.. $\langle\Phi_{j}^{(\nu)},$ $\Phi_{n+\epsilon_{1}+\cdots+\epsilon_{m}}^{(\nu)}\rangle$
$+ \sum_{k=1}^{m}\gamma_{n+\epsilon_{1}}^{\epsilon_{1}}\ldots\gamma_{n+\epsilon_{1}+\cdots+\epsilon_{k-1}}^{\epsilon_{k-1}}\langle\Phi_{j}^{(\nu)},$$\frac{A_{\nu^{m}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\ldots\frac{A_{\nu}^{\epsilon_{k+1}}}{\sqrt{\kappa(\nu)}}S_{n^{k}+\epsilon_{1}+\cdots+\epsilon_{k\rangle}}^{\epsilon}$ . (3.24)
$\gamma_{n}^{\epsilon}$ $\nu$ . $\gamma_{n}^{\epsilon}$ (3.10), (3.11)& 36 (A3)
( ,
$\lim_{\nu}\gamma_{n}^{+}=\sqrt{\omega_{n}}$, $\lim_{\nu}\gamma_{n}^{-}=\sqrt{\omega_{n+1}}$. (3.25)
, (3.24) 2 $\nuarrow\infty$ ,
$\lim_{\nu}\langle\Phi_{j}^{(\nu)},$ $\frac{A^{\epsilon_{m}}}{\sqrt{\kappa(\nu)}}\ldots\frac{A^{\epsilon_{k+1}}}{\sqrt{\kappa(\nu)}}S_{n^{k}+\epsilon_{1}+\cdots+\epsilon_{k\rangle}}^{\epsilon}=0$ (3.26)
. 3.10, 3.11 .
,
$|\langle\Phi_{j},$ $\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{+}\rangle|\leq\sigma_{n}M_{n+p,q}(\frac{\kappa^{2p-m}|V_{n}|}{|V_{n+p-q}|})^{1/2}(\frac{|V_{n}|}{\kappa|V_{n-1}|})^{1/2}$ , (3.27)
$|\langle\Phi_{j},$ $\frac{A^{\epsilon_{m}}}{\sqrt{\kappa}}\ldots\frac{A^{\epsilon_{1}}}{\sqrt{\kappa}}S_{n}^{-}\rangle|\leq\sigma_{n}M_{n+p,q}(\frac{\kappa^{2p-m}|V_{n}|}{|V_{n+p-q}|})^{1/2}(\frac{|V_{n}|}{\kappa|V_{n+1}|})^{1/2}$ . (3.28)
($j=n+p-q$ , 0 ) , $\nu$








$<\mathrm{o}\mathrm{o}$. $\kappa(\nu)\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}|$ 7 $\mathrm{J}\mathrm{i}\mathrm{m}$
$|\mathrm{t}^{\ovalbox{\tt\small REJECT}_{1}}$
$\ovalbox{\tt\small REJECT} 0$ .
’ \kappa (\mbox{\boldmath $\nu$})|
, (3.27), (3.28) , (A4) $\nuarrow\infty$
. , (3.24) 1 ,
$\lim_{\nu}\langle\Phi_{j}^{(\nu)},$ $\frac{A_{\nu^{1}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\ldots\frac{A_{\nu^{m}}^{\epsilon}}{\sqrt{\kappa(\nu)}}\Phi_{n}^{(\nu)}\rangle=\lim_{\nu}\gamma_{n+\epsilon_{1}}^{\epsilon_{1}}\gamma_{n+\epsilon_{1}+\epsilon_{2}}^{\epsilon_{2}}\ldots\gamma_{n+\epsilon_{1}+\cdots+\epsilon_{m}}^{\epsilon_{m}}\delta_{j,n+\epsilon_{1}+\cdots+\epsilon_{m}}$.





$G$ . $e$ . $\Sigma\subset G$ $G$
:
(i) $\sigma\in\Sigma\Rightarrow\sigma^{-1}\in\Sigma$ , , $\Sigma^{-1}=\Sigma$ ;
(ii) $e\not\in\Sigma$ .
, 2 $x,$ $y\in G$ $yx^{-1}\in\Sigma$ { , $G$
. (Cayley graph) , $(G, \Sigma)$
. $\kappa=|\Sigma|$ , $\Sigma$ \leq G \supset
. , $e$ , .
42 $\mathrm{Z}^{N}$
$\mathrm{Z}^{N}$ $g\pm 1=(\pm 1,0, \ldots, 0),$ $\ldots,$
$g_{\pm N}=(0, \ldots, 0\cdot, \pm 1)$
$N$- . (A1), (A2), (A3”), (A5)
. , $N\geq n$ ,
$|\{x\in V_{n}^{(N)} ; \omega_{-}(x)=k\}|=(\begin{array}{l}Nk\end{array})(\begin{array}{ll}n -1k -1\end{array})2^{k}$, $k=1,2,$ $\ldots,$ $n$ .
$\ovalbox{\tt\small REJECT}^{N)}|=\sum_{k=1}^{n}(\begin{array}{l}Nk\end{array})(\begin{array}{ll}n -1k -1\end{array})2^{k}$
35
. ,
$\kappa(N)=2N$, $\omega_{n}=n$ , $W_{n}=n$
. , , , $\lambda_{n}=n!$
, . 1.1 ,
,
$m=0,1,2-,$ $\ldots$ .$\lim_{Narrow\infty}\langle\Phi_{0}^{(N)},$ $( \frac{A_{N}}{\sqrt{2N}})^{m}\Phi_{0}^{(N)}\rangle=\frac{1}{\sqrt{2\pi}}\int_{-\infty}^{+\infty}$. $x^{m}e^{-x^{2}/2}dx$ ,
, $A_{N}/\sqrt{2N}$ $\mathrm{Z}^{N}$ .
.
4.3 $F_{N}$
$N\geq 1$ $F_{N}$ $N$ $g_{1},$ $\ldots,$ $g_{N}$ .
$g_{-:}=g_{i}^{-1}$ . $\Sigma_{N}=\{g_{\pm 1}, \ldots, g_{\pm N}\}$ $(F_{N}, \Sigma_{N})$
. (A1), (A2), (A3”), (A5) . ,
$x\neq e$ $\omega_{-}(x)=1$ . , , $F_{N}$
. ,
$\kappa(N)=2N$, $\omega_{n}=1$ , $W_{n}=1$
$m=0,1,2,$ $\ldots$ .
. , $\lambda_{n}=1,$ $n\geq 0$ ,
, . 13 ,
$A_{N}/\sqrt{2N}$ ,
$N1”-\langle\Phi_{0}^{\langle}$ , .(–$\sqrt$A2NN)m\Phi 0( ) $\rangle$ $= \frac{1}{2\pi}\int_{-2}^{+2}x^{m}\sqrt{4-x^{2}}dx$,
, . , Hiai-Petz [17], Voiculescu-
Dykema-Nica[35] .
4.4 Coxeter If
Coxeter m( )\in $\{1, 2, \cdots, \infty\}$ , $\in\{1,2, \ldots\}$ , . ,
$m(i, i)=1$ , $m(\text{ })=m(j, i)\geq 2$ . $N\geq 1$ ,
$\Sigma^{(N)}=\{g_{1}, g_{2}, \cdots, g_{N}\}$ ,
$(g:g_{j})^{m(:i)}=e$ , $i,j\in\{1,2, \ldots, N\}$ .
$G^{(N)}$ . $m(\text{ })=\infty$ , $g:g_{j}$ .
$G^{(N)}$ Coxeter .
36
$g_{i}\in\Sigma$ 2 ( $e$ ) ,
$(G^{(N)}, \Sigma^{(N)})$ . $\kappa(N)=N$ . Coxeter
$G^{(N)}$ , (A1) . , Coxeter \leq m( ) $\geq 3$ ,
$i\neq j$ , Coxeter , (A2), (A3”) . ,
$n\geq 1$ $\omega_{n}=1$ $W_{n}=2$ 5). , Coxeter
$\geq 3$ Coxeter $(G^{(N)}, \Sigma^{(N)})$
, , . , 43
. , $A_{N}/\sqrt{N}$




$6_{N}$ , Coxeter :
$g_{1}=(12)$ , $g_{2}=(2 3)$ , . . . , $g_{N-1}=(N-1N)$ ,
. Coxeter
$m(i,j)=\{\begin{array}{l}\mathrm{l}i=j3|i-j|=12|i-j|\geq 2\end{array}$
, \S 4.4 Coxeter $\mathrm{C}\mathrm{o}\mathrm{x}\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{r}$ \geq 3
. , (A1), (A2), (A3”), (A5) ,




$6_{N}$ , $\Sigma_{N}=\{(ij);1\leq i<j\leq N\}$ .
, $(\mathfrak{S}_{4}, \Sigma_{4})$ 46 . , , , $e$
(1234) , (12), (123), (12)(34) .
, (A1), (A2), (A3”), (A5) . ,
$\kappa(N)=\frac{N(N-1)}{2}$ , $\omega_{n}=n$ , $W_{n}= \frac{n(n+1)}{2}$ ,
. , \S 4.5 , ,
$A_{N}/\sqrt{N(N-1)/2}$ Gauss [
.











(A1) $\mathcal{G}=(V, E)$ . $V= \bigcup_{n=0}^{\infty}V_{n}$
, $A$ $A=A^{+}+A^{-}$ .
$\Phi_{n}$
$A^{\pm}$ , 23, 2.4 .
51 $n\geq 0$ ,
$\langle\Phi_{n}, A^{-}A^{+}\Phi_{n}\rangle=||A^{+}\Phi_{n}||^{2}=\frac{|V_{n+1}|}{|V_{n}|}(\omega_{n+1}^{2}+\sigma_{n+1}^{2})$ , (5.1)
$\langle\Phi_{n}, A^{+}A^{-}\Phi_{n}\rangle=||A^{-}\Phi_{n}||^{2}=\frac{|V_{n-1}|}{|V_{n}|}((\kappa-\omega_{n-1})^{2}+\sigma_{n-1}^{2})$ . (5.2)
23 ,
$||A^{+} \Phi_{n}||^{2}=\frac{1}{|V_{n}|}\sum_{y\in V_{n+1}}\omega_{-}(y)^{2}=\frac{|V_{n+1}|}{|V_{n}|}(\sigma_{n+1}^{2}+\omega_{n+1}^{2})$ .
38
, (5.1) . , 2.4 ,





52 $\{\mathcal{G}_{\nu}=(V^{(\nu)}, E^{(\nu)})\}$ $(\mathrm{A}1)-(\mathrm{A}3)$ [ ,





, $n\geq 0$ ( , $\Gamma$ , $\Phi_{n}$
$\mathrm{A}\mathrm{a}$ )






. , 5.1 , \nearrow $\nu$ [
. , (5.5) .
$\frac{\lambda_{n+1}}{\lambda_{n}}=\lim_{\nu}\langle\Phi_{n}^{(\nu)},$
$\frac{A_{\nu}^{-}}{\sqrt{\kappa(\nu)}}\frac{A_{\nu}^{+}}{\sqrt{\kappa(\nu)}}\Phi_{n}^{(\nu)}\rangle=\lim_{\nu}\frac{|V_{n+1}^{(\nu)}|}{\kappa(\nu)|V_{n}^{(\nu)}|}(\omega_{n+1}^{(\nu)2}+\sigma_{n+1}^{(\nu)2})$ (5.7)
, 36 (A2), (A3) ,
$\lim_{\nu}\frac{|V_{n+1}^{(\nu)}|}{\kappa(\nu)|V_{n}^{(\nu)}|}=\lim_{\nu}\frac{1}{\omega_{n+1}^{(\nu)}}(1-\frac{\omega_{n}^{(\nu)}}{\kappa(\nu)})=\frac{1}{\omega_{n+1}}$ (5.8)
39
. , 3.1 , $n\geq 1$ $\omega_{n}\geq 1$
. , (5.7) ,
$\frac{\lambda_{n+1}}{\lambda_{n}}=\omega_{n+1}+\frac{1}{\omega_{n+1}}\lim_{\nu}\sigma_{n+1}^{(\nu)2}$ , n\geq 0 (5.9)
, $\Phi_{n}$ $n$ , $\lim_{\nu}\sigma_{n+1}^{(\nu)}$
.
, . $\lambda_{n}>0,$ $\lambda_{n+1}=0$
$n$ , (5.9) , $\omega_{n+1}\geq 1$ .
, $n\geq 0$ [ $\lambda_{n}>0$ .





$\lim_{\nu}\omega_{n-1}^{(\nu)},$ $\lim_{\nu}\sigma_{n-1}^{(\nu)}$ , (5.8) ,
$\frac{\lambda_{n}}{\lambda_{n-1}}=\omega_{n}$ , $n\geq 1$ . (5.10)
(5.9) (5.10)
$\lim_{\nu}\sigma_{n}^{(\nu)}=0$ , $n\geq 1$ ,
, . I
5.2
\S 4 , Gauss Wigner
.
, . , ,
.
$\kappa\geq 3$ \kappa - ,
$\omega_{-}(x)=\{$
1 $x\in V_{n}$ , $n:\mathrm{f}\mathrm{f}\mathrm{i}\Re$




$x_{0}$ , 0 $V_{0}$ .
$2^{\mathrm{o}}\kappa$ . . . , $y_{\kappa}$ 1 $V_{1}$ , $V_{1}$ $x_{0}$ .
$x_{0}$ $\kappa$ .
$3^{\mathrm{O}}V_{1}$ 2 $\{y_{i}, y_{j}\}$ , $z_{ij}$ .
{z ; $1\leq i<j\leq\kappa$} $=V_{2}$ 2 , $z_{ij}$ $y_{i},$ $y_{j}$ .
, $y\in V_{1}$ $\kappa$ . $|V_{2}|=\kappa(\kappa-1)/2$ .
$4^{\mathrm{O}}$ 2 $V_{2}$ $z$ $V_{1}$ 2 . , $z$
$\kappa-\cdot 2$ $z$ . 3 $V_{3}$
. $z$ $\kappa$ .
$5^{\mathrm{O}}V_{3}$ $V_{2}$ 1 . $|V_{3}|=\kappa(\kappa-1)(\kappa-2)/2$ ,
$V_{3}$ $\kappa$ $V_{3i},$ $1\leq i\leq(\kappa-1)(\kappa-2)/2$ , .
$V_{3\dot{\iota}}$ $V_{1}$ $3^{\mathrm{o}}$ .
$\kappa$- $\mathcal{G}_{\kappa}$ ( 5.1 ). ,
$|V_{0}|=1$ , $|V_{1}|=\kappa$ , $|V_{2}|= \frac{\kappa(\kappa-1)}{2}$ ,
$|V_{2n-1}|=|V_{1}| \{\frac{(\kappa-1)(\kappa-2)}{2}\}^{n-1}$ , $|V_{2n}|=|V_{2}| \{\frac{(\kappa-1)(\kappa-2)}{2}\}^{n-1}$ .
5.1: $\mathcal{G}_{4}(\omega_{2n-1}=1, \omega_{2n}=2;n\geq 1)$
$\{\mathcal{G}_{\kappa}\}$ , $\kappa$ , $(\mathrm{A}1)-(\mathrm{A}5)$




$n$ : , (5.11)
$n\geq 2$ : .
41
. , , \S 1.2
.
. , $U_{n}(x)$ 2 Chebyshev
:




$U_{n}(x)=2xU_{n-1}(x)-U_{n-2}(x)$ , $n\geq 2$ ,
(5.12)
$\int_{-1}^{+1}U_{m}(x)U_{n}(x)\sqrt{1-x^{2}}dx=\frac{\pi}{2}\delta_{mn}$




$P_{2n}(x)=2^{n/2}(U_{n}(z)+\sqrt{2}U_{n-1}(z))$ , $n\geq 1$ ,
$P_{2n+1}(x)=2^{n/2}xU_{n}(z)$ , $n\geq 1$ ,
(5.13)
, $\{P_{n}(x)\}\text{ }$ .
$z= \frac{x^{2}-3}{2\sqrt{2}}$
. (5.12) ,
$xP_{n}(x)=P_{n+1}(x)+\omega_{n}P_{n-1}(x)$ , $n\geq 1$ ,
. $\{\omega_{n}\}$ (5.11) .
$\{P_{n}(x)\}$ $\mu$ Cauchy $G(z)$ , $\mathrm{C}^{\mathrm{A}}$ C
$G(z)= \frac{1+z^{2}-\sqrt{z^{4}-6z^{2}+1}}{4z}$ $({\rm Re} z>0, {\rm Im} z>0)$
. $G(z)$ , $\mu$ $[-\sqrt{2}-1, -\sqrt{2}+1]\cup$
$\{0\}\cup[\sqrt{2}-1, \sqrt{2}+1]$
$\frac{1}{4\pi}\sqrt{6-x^{2}-\frac{1}{x^{2}}}\chi_{[-\sqrt{2}-1,-\sqrt{2}+1]\cup[\sqrt{2}-1,\sqrt{2}+1]}(x)dx+\frac{1}{2}\delta_{0}$
6) $\tilde{U}_{n}(x)=U_{n}(x/2)$ , $\{\tilde{U}_{n}(x)\}$ Wigner ( $\tilde{U}_{n}(x)=x^{n}+\ldots$
) . Szeg\"o-Jacobi $\alpha_{n}\equiv 0,$ $\omega_{n}\equiv 1$ .
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., $a,$ $b,$ $k$
$\omega_{1}=1$ , $\omega_{2n}=a$ , $\omega_{2n+1}=b$ , $n\geq 1$ ,
$\kappa=abk$ . , Hora-Obata [24]
.
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